Karwinskia humboldtiana (Kh) is a poisonous shrub that causes acute or chronic intoxication in animals and humans. In chronic intoxication, the main sign is the presence of paralysis. Previously we reported a model of intoxication with Kh fruit that reproduces paralysis and clinical phases in humans when they do not die; however, there are no studies that describe damage to liver in this model. The objective was to evaluate histopathological alterations in liver during chronic intoxication. Wistar rats (n=25) were divided into five groups (n= 5). Four groups were intoxicated with Kh and one received only water as a control group. Animals were euthanized at different times during paralysis evolution. Samples of liver were obtained, and processed either for light or electron microscopy evaluation. Histological, histochemistry and immunohistochemistry analyses were performed, including a morphometric analysis. Results demonstrated necrotic areas, vascular congestion and vacuoles in the cytoplasm of hepatic cells that increased during intoxication and decreased in the recovery stage. These findings were confirmed at electron microscopy level. Morphometric analysis demonstrated statistically significant difference in occurrence of necrotic cells and PCNA positive cells between control and intoxicated groups. This was not observed with TUNEL staining. These findings demonstrate that during Kh intoxication there is a severe damage in liver that is reversible. Thus, it could be suggested that Kh causes a systemic intoxication not only damage to peripheral nervous system.
INTRODUCTION
Karwinskia humboldtiana (Kh) also known as tullidora, capulín tullidor or coyotillo, is a poisonous shrub from the Rhamnaceae family. It is distributed throughout the Mexican Republic, South America, Central America and Northern of Colombia (Fernández, 1992) . Dreyer et al. (1975) isolated from the endocarp of Kh four dimeric anthracenonic compounds named as T-496, T-514, T-516 and T 544, according to their molecular weights, which have been demonstrated to be responsible for the toxicity of this plant (Dreyer et al., 1975; Waksman et al., 1989 , Rivas et al., 1990 Bermúdez et al., 1992, Waksman and Ramirez, 1992) .
In the literature, there are numerous reports of accidental human intoxications with Kh fruit (Castillo et al., 1920; Segovia et al., 1972; Bustamante et al., 1978; Puértolas et al., 1984; Arellano et al., 1994; Bermudez et al., 1995; Ocampo et al., 2007) . Clinical sign of this intoxication varies according to the amount of fruit ingested. In acute intoxication, respiratory failure and death may occur within 2 to 3 days without paralysis signs. If it is consumed in small quantities or chronic intoxication, after a few weeks of consumption, a clinically flaccid, symmetrical, ascending and progressive paralysis appears which can lead to death (Segovia et al., 1972) ; or in some cases human can recover slowly from the paralysis (Arellano et al., 1994) .
Acute intoxication of Wistar rats with Kh fruit has shown liver disorders and clotting characterized by an increase in aspartate transaminase (AST) and alanine transaminase (ALT), as well as a decrease in II, V, VII and X coagulation factors (Jaramillo et al., 2009) . Only there are two in vitro studies in hepatocytes of rat treated with Kh fruit (Wheeler et al., 1971) , or with T-514 (GarzaOcañas et al., 2003) that reported mitochondrial alterations and increase of toxic oxygen radicals. In vivo experimental studies of acute toxicity with purified toxin T-514 administered to different species have reported atelectasis and emphysema, along with infiltration of polymorphonuclear cells in alveolar septa, rupture of capillaries and bleeding (Bermúdez et al., 1986; Sepúlveda et al., 1992) . In liver, congestion and massive necrosis were reported, especially with T-514 (Bermudez et al., 1986) . Salazar et al. (2006) reported a model of chronic intoxication with Kh, by the administration of fractionated doses of mature fruit of this plant to Wistar rat. This model reproduces the clinical phases of paresis, paralysis, and recovery that are presented in intoxicated humans when they do not die (Salazar et al., 2006) . Recently, we demonstrated a toxic effect of Kh fruit on striatum of Wistar rat using this same intoxication model (Díaz-Pérez et al., 2016) . Since there have not been found any studies that describe damage to organs like the liver in this model, the objective was to evaluate histopathological alterations in this organ during chronic intoxication with the fruit of Kh.
MATERIALS AND METHODS

Study groups and administration of Kh fruit
Wistar rats (n=25) were used, and all animals were divided into five groups (n = 5). Four groups where intoxicated with fruit of Kh according to the intoxication model described by Salazar et al. (2006) , and one only received water as control animals; all the animals were kept under standard laboratory conditions. Experiments were carried out according to the International Guidelines on the Appropriate use of Experimental Animals, and according to Mexican Norm NOM-062-ZOO-1999 on the Technical Specifications for Production, Care and Use of Laboratory Animals (SAGARPA, 1999) . The protocol was approved by the Bioethical Committee of the Faculty of Medicine UANL in Monterrey, Nuevo León, México.
After a period of 6 h of fasting, rats to intoxicate received a fractionated dose of dry, ground, and sieved fruit of Kh that was dissolved in water and orally administered through an orogastric tube. The first dose was of 1.5 g/kg (Day 0) followed by four subsequent doses of 0.5 g/kg at days 3, 7, 10 and 14 after the first dose (total dose of 3.5 g/kg). Control rats received only water and all rats were clinically evaluated during the experimental study time according to intoxication model described by Salazar et al., (2006) . Weight was determined daily during the first two weeks, every third day from third to eighth week, and weekly from eighth week until the end of the study at day 112 post-intoxication. The clinical evaluation included the appearance of piloerection, spontaneous mobility, muscle tone, gait abnormalities, respiratory rate, weight loss, limb weakness and paralysis.
Sample collection
Animals of all study groups were sacrificed by cervical dislocation at the corresponding days after the intoxication as follows: First group was sacrificed at day 24 post-intoxication before the rats presented paresis (group without paresis). Second group was sacrificed at day 48 post-intoxication when rats had paresis (paresis group). Third group corresponded to intoxicated rats showing paralysis at day 58 (paralysis group), and finally the recovery group corresponded to the intoxicated rats that showed clinical recovery from paralysis and were sacrificed at day 112 post-intoxication.
Histopathological analysis
Liver samples were obtained, fixed by immersion in formalin 10 % in PBS (Phosphate Buffer Saline) 1X, pH 7.2-7.4 and processed by routine histological technique until inclusion of samples in paraffin blocks. Histopathological evaluation was performed on sections of 5-7 µm thickness. Sections were stained with hematoxylin and eosin (H&E) for histopathological evaluation, Masson´s trichrome to detect connective tissue, and silver impregnation to identify reticular fibers (collagen type III). This was performed as follows 5 µm *Corresponding author. E-mail: ibqasoto@yahoo.com.mx. Fax: 52-82-8348-5477.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License paraffin sections were hydrated and then oxidized with 1% potassium permanganate. They were rinsed well with tap water, bleached in 5% oxalic acid for a 1 min and sensitized with 1% uranium nitrate solution for 5-10 s. Later, they were rinsed with distilled water, treated with Bielchowsky's ammoniacal silver for 1 min (48 mL of 2% silver nitrate) and 0.4 mL of 40% sodium hydroxide was added. While swirling, slowly drops of strong ammonium hydroxide were added until the precipitate dissolved. They were put in 100 mL of distilled water and then rinsed briefly with 90% ethanol. They were placed in the developer (5 ml of 37% formalin, 0.15 g uranium nitrate and 1L of distilled water) for 1 min and rinsed well with tap water and distilled water. Then, they were toned with 0.2% gold chloride solution and rinsed with distilled water. Also, they were fixed in 5% sodium thiosulphate for 1 min and washed well with running tap water. They were counterstained with eosin for 1 min and rinsed with tap water. Finally, they were dehydrated with ethanol, cleared with xylene and mounted onto a resinous medium.
Histochemistry
A portion of formalin-fixed tissue was processed for frozen section technique. Histological sections of 6-8 µm thickness were obtained, and stained with Oil Red technique for the histochemistry identification of lipids droplets deposits.
Immunohistochemical evaluation
To distinguish between morphological necrotic alterations induced by Kh intoxication from apoptotic hepatocytes, the TUNEL (TdTmediated dUTP-biotin Nick-End Labeling) test was performed on 6-8 µm thick sections to detect fragmentation of nuclear DNA, a hallmark of apoptosis (Gavrieli et al., 1992) using the kit TACS™ 2 TdT In situ Apoptosis Detection of Trevigen® (Gaithersburg, MD. USA), according to the instructions of the manufacturer. Nuclei were contrasted with methyl green.
Furthermore, to determine whether Kh intoxication inhibits proliferation of liver cells, histological sections (4-5 µm thick) were incubated with anti-PCNA (Proliferating Cell Nuclear Antigen) monoclonal antibody (1: 200) to identify proliferating cells (Matsumoto et al., 1987; Zhang et al., 1999) using the Envision ® detection system and 3, 3'diaminobenzidine (DAB). PCNA antibody and the detection system were purchased from Dako Cytomation, Inc ® (Carpinteria, Ca. USA). Nuclei were contrasted with Mayer´s hematoxylin. As a negative control, the monoclonal antibody was omitted. The samples were analyzed by light microscope.
Morphometric analysis
To quantify necrotic hepatocytes, the liver parenchyma was divided in hepatic acini or liver Rappaport acini. Hepatic acini (zones 1, 2 and 3) or Rappaport´s hepatic acinus represents a liver lobule that is divided into 3 regions based on their proximity to the distributing veins: zone I has cells closest to the vessels (portal triad) and first to be affected by incoming blood with toxins, zone II with cells which are second to respond to toxic compounds in blood (in between portal triad and central vein), and zone III with cells near the central vein. Quantization was performed in 24 random fields per group (eight fields/slide, one slide/rat, three rats/group) were chosen from sections stained with H&E and observed with the oil immersion objective (100X). In these fields the normal and necrotic hepatocytes in the 3 zones described for the hepatic acini were quantified. This methodology was also applied to quantify positive cells to TUNEL test and to PCNA antibody. Digital high-resolution images were obtained with a Nikon Microscope Eclipse 50i, and with the image analysis system Digital Sight dDS-2Mu. Averages and standard deviations (SD) were calculated, and a student´s ttest was performed with the statistics software SPSS program v.16 to compare the control vs experimental groups, a value of p ≤ 0.05 was considered as statistically significant.
Ultrastructure
Simultaneously, other portion of liver was fixed by immersion in solution of Karnowsky-Ito (4% paraformaldehyde, 5% glutaraldehyde, and 0.05% picric acid in 0.1 M PBS pH 7.2-7.4) (Ito and Karnowsky; 1968) . Samples were post fixed in 2% aqueous osmium tetroxide, and processed by conventional technique for transmission electron microscopy until their inclusion in epoxy resins to form blocks. Semithin and ultrathin sections were obtained by ultramicrotomy; semithin sections were stained with 1% toluidine blue and analyzed by light microscopy. Ultrathin sections were mounted on copper grids 200 mesh without support medium, and contrasted with 5% uranyl acetate followed by 0.04% lead citrate; samples were analyzed with a Zeiss EM 109 transmission electron microscope.
RESULTS
Clinical manifestations
Clinical manifestations, such as weight loss, ocular secretion, hair bristling, weakness, and respiratory difficulty, were analyzed in rats intoxicated with Kh fruit. These manifestations were present in the paresis group at 48 days, were more evident at 58 days in the paralysis group, and almost all of the symptoms resolved in the recovery group, which only presented piloerection (Table  1) .
Histopathogical evaluation
In the control samples hepatocytes, portal triads, central venous and sinusoids with normal histological features were observed ( Figure 1A ). In groups without paresis and with paresis, vascular congestion and small cytoplasmic vacuoles in most hepatocytes were observed (Figure 1B and 1C) . In these groups we also observed areas of necrotic hepatocytes characterized by hyperchromatic nucleus and extracted cytoplasm. In the paralysis group, generalized vascular congestion, large cytoplasmic vacuoles in most hepatocytes ( Figure 1D ), as well as larger amount of necrotic areas of hepatic cells were observed. Finally, in recovery group, most of the alterations described above were absent; only vascular congestion was observed ( Figure 1E ).
With the method of Masson´s trichrome, in all groups few blue collagen fibers were observed around the central veins, and portal triads with normal characteristics (Figure 2A-2E) . Signs of fibrosis were not observed. Also, in control and intoxicated groups, with the silver impregnation it was possible to identify thin reticular fibers without differences among all groups ( Figure 3A - Segmental demyelination in some fibers, swelling and myelin sheath vacuolization. Axonal alterations such as alternating thinned and thickened zones. Liver recovery , remyelination of peripheral nerves.
-: Absent, +: Mild, ++ : Severe 3E).
Histochemistry evaluation
In the control samples, lipids were not present in the cytoplasm of hepatocytes demonstrated with oil red ( Figure 4A ). Groups without paresis and with paresis showed a diffuse positivity to this reaction in the cytoplasm in extended areas of hepatocytes ( Figure 4B and 4C); deposits of lipids were more evident in the samples of paralysis group ( Figure 4D ). In recovery group little lipids droplets remained in the cytoplasm of hepatocytes ( Figure 4E ).
Immunohistochemical evaluation
By the TUNEL assay, few positive cells to chromatin fragmentation were observed in control group and experimental groups ( Figure 5A-5E ). By immunohistochemical analysis of PCNA, the highest number of proliferating cells was observed in control group ( Figure 6A) ; followed by groups without paresis ( Figure 6B ) and with paresis ( Figure 6C ). It is noteworthy that group with paralysis showed fewer positive cells ( Figure 6D ), recovery group showed higher number of positive cells compared with the other treated group ( Figure 6E ).
Morphometric analysis
In the morphometric analysis of liver acini (zones 1, 2 and 3), control group showed only a few hepatocytes damaged per field of view (2,583 ± 1,127; 2,850 ± 0,476 and 1,800 ± 0,519). In the group without paresis, more altered hepatocytes were observed (19,900 ± 2,351; 23,600 ± 5,567 and 17,183 ± 2,133). In paresis group, increased damaged hepatocytes (29,933 ± 4,623; 34,667 ± 1,607 and 34,833 ± 1,985) . However, paralysis group presented the highest number of necrotic damage (50,333 ± 4,523; 61,867 ± 2,400 and 61,167 ± 2,478), recovery group showed 8,233 ± 2,315; 8,833 ± 2,182 and 9,633 ± 0,416. Statistical analysis revealed a significant difference in intoxicated group compared with control group ( Figure 7A ). The number of positive nuclei in TUNEL analysis in the control group was 2.978 ± 1.321, while in the groups intoxicated with Kh the results are as follows: group without paresis (4.159 ± 0.888), paresis group (4.344 ± 0.432), paralysis group (5.122 ± 0.992) and recovery (3.233 ± 1.523), respectively. When comparing the results of control vs treated groups no significant difference was found for a value of p≤0.05 ( Figure 7B ).
In proliferation analysis (the number of PCNA positive cells) in control and treated groups, it was observed that control group showed the highest number of positive cells: 26,110 ± 0,639, group without paresis had 22.185 ± 1.054, then paresis group with an average of 18.245 ± 0.732. Group with paralysis showed the lowest amount of positive cells with an average of 12.503 ± 0.521, and finally recovery group showed an amount of 19.024 ± 3,792. All treated groups intoxicated with Kh were significantly different from the control group (p≤0.05; Figure 7C ).
Ultrastructural evaluation
In control samples hepatocytes were observed with the cell membrane, nucleus and organelles with normal ultrastructural features ( Figure 1F ). In groups without paresis and with paresis, necrotic hepatocytes with loss of the continuity of the cell membrane and cytoplasmic extraction ( Figure 1G) were observed, as well as sinusoids with vascular congestion ( Figure 1H ). In these same groups other hepatocytes were observed with small spaces in the cytoplasm corresponding to extracted lipids ( Figure 1I ). In paralysis group these alterations increased with extended areas of necrotic hepatocytes and hepatocytes with large cytoplasmic vacuoles. In the samples of recovery group only vascular congestion and few and small cytoplasmic vacuoles were observed.
DISCUSSION
Since numerous reports of accidental intoxication in humans (Arellano et al., 1994; Bermúdez et al., 1995; Ocampo et al., 2007) or experimental intoxication in animals with Kh fruit (Escobar and Nieto, 1965; Charlton and Pierce, 1970; Muñóz and Chávez, 1979; Muñóz et al., 1983; Bermúdez et al., 1986; Bermúdez et al., 1992; Salazar et al., 2006 , García-Juárez et al., 2012 were focused on the alterations of peripheral nerve, it was considered for a long time that Kh affects exclusively peripheral nerve system (PNS). However, this study is the first to describe the histopathological alterations in the liver caused by Kh fruit in an experimental model of peripheral neuropathy. These alterations began at 24 days post-intoxication and increased at 48 and 58 days post-intoxication, but at 112 days post-intoxication some alterations disappeared, demonstrating a possible recovery of liver. Previously we have described histopathological alterations in cerebral motor cortex, cerebellum, spinal cord, vestibular nucleus, and corticopontocerebellar tract (Becerra-Verdín et al., 2009) and recently in striatum (Díaz-Pérez et al., 2016) ; as well as severe damage in kidney and lung (García et al., 2013 a, b) . Furthermore, the present investigation also contributes to the fact that accidental intoxication with Kh in humans and experimentally in animals causes a systemic damage in addition to the damage of PNS in this experimental model (Salazar et al., 2006) . Clinical manifestations, such as weight loss, ocular secretion, hair bristling, weakness, and respiratory difficulty, were analyzed in the rats intoxicated with Kh fruit. These manifestations were present in the paresis group at 48 days, were more evident at 58 days in the paralysis group, and almost all of the symptoms resolved in the recovery group, which only presented piloerection. These results agree with other studies regarding the clinical signs in humans and animals intoxicated with Kh fruit (Padron-Puyou, 1951; Padrón and Velázquez, 1956; Bermúdez et al., 1986; Salazar et al., 2006 , García-Juárez et al., 2012 .
In this study, we observed a gradual increase of necrotic hepatocytes with abundant vacuolated spaces, as well as vascular congestion and hemorrhagic signs in sinusoids in the groups intoxicated with Kh fruit. These signs agree with the findings reported by Bermúdez et al., (1986) who studied the effect of T-514, one of the toxins isolated from Kh fruit on liver.
The increasing areas of necrosis in the treated groups were observed in the morphometric analysis, showing the highest amount of necrotic cells in the paralysis group that decreased in the recovery group. This finding has not been described before for chronic intoxication with Kh fruit. It has been described that several plants as Larrea tridentata (Stickel et al., 2000) , and Ruta graveolens (Serrano-Gallardo et al., 2013) can cause a hepatotoxic effect similar to the necrotic damage observed in this study.
Another important point is that even though experimental studies of acute intoxication in different animal species with isolated toxins or Kh fruit have reported similar alterations in liver to those observed in the present investigation (Bermúdez et al., 1986; 1992) . These studies do not report the progression and recovery of the histopathological damage in the liver observed in the present investigation.
The liver necrosis observed in the present investigation correlates with other experiments reporting that acute administration of ground fruit of Kh causes a significant increase of transaminases AST and ALT levels in serum (Jaramillo et al., 2009) , where the increase of these enzymes is indicative of hepatic necrosis.
An in vitro study using the toxin T-514 showed that it suppresses the metabolic activity of mitochondria and it induces the production of reactive oxygen species, both in primary cultures of hepatocytes and microsomes (Garza-Ocañas et al., 2003) . Furthermore, an in vitro study performed by Wheeler et al., (1971) using ether extracts of Kh reported that the extracts decreased oxygen consumption, and they produced inhibitory effects. In the same study they observed an uncoupling effect of the respiration chain and an inhibition in the oxidative phosphorylation in mitochondria from rat liver (Wheeler et al., 1971) . These alterations could be part of the mechanisms of hepatic cytotoxicity observed in the present investigation.
The recovery of liver necrosis observed in the recovery group at 112 days post-intoxication with Kh, correlates with the high capacity of regeneration of hepatocyte as it has been reported in experimental models treated with chemical agents, where the organ regenerates when the toxic stimulus is removed (Fausto et al., 2000) . Moreover, the hepatic steatosis observed in treated groups in this study has not been reported previously in the chronic intoxication model with Kh fruit. The finding that it was reversible in the recovery group correlates with reported experimental intoxications with chemical agents where hepatic steatosis is a normal response to toxic stimuli, and it is a reversible injury when the stimulus is removed (Riet-Correa et al., 1986; Islas et al., 1991) .
On the other hand, it has been proposed that steatosis is caused by an inhibition of the hepatic lipid transportation system (Fromenty et al., 1995; Jaeschke et al., 2002; Xu et al., 2003) . These findings suggest that during the chronic intoxication with Kh there is induction of steatosis in the treated groups, but probably the toxic stimulus decreases or ends at the last stages allowing the reversal of hepatic steatosis observed in the recovery group.
In the present study, the areas of necrotic cells were analyzed with the TUNEL assay for chromatin fragmentation, one of the characteristics of apoptosis; and the results showed that few cells were positive in control and intoxicated groups, which demonstrated a normal turnover of hepatocytes. However, no significant difference in the number of positive cells was found among all groups. These results are different compared to findings described in liver of rats treated with Ruta graveolens where necrotic and apoptotic hepatocytes were detected in intoxicated groups (Serrano-Gallardo et al., 2013; Soto-Domínguez et al., 2013) . In liver of CD-1 mouse intoxicated with 28 mg of PA1 (toxin T-514)/kg body weight, it was observed that apoptosis was extensive in liver samples (Soto-Domínguez, 2005) , in contrast to the present investigation that demonstrated a necrotic effect of Kh fruit.
Using the specific monoclonal antibody anti-PCNA, we observed the largest number of positive cells in the control group; that gradually decreased in intoxicated groups and increased again in the recovery group. This was confirmed in the morphometric analysis. These results are similar to those observed in liver of rats treated with Ruta graveolens where this plant showed an antiproliferative effect in intoxicated groups (SerranoGallardo et al., 2013) .
The observation of histopathological alterations in the liver of animals intoxicated with Kh fruit, contributes to the knowledge of the toxicological effect of this plant to determine whether this intoxication also affects other organs besides the central and peripheral nervous system. Further studies will be required to elucidate the mechanism of damage and recovery in the hepatocytes observed in this study. Currently in vitro and in vivo studies, related to the aforementioned observations are being performed in the present investigation, as well as studies to evaluate the effect of toxins isolated from the Kh seed, such as T-514 administered at different durations and concentrations.
